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THE  IDENTIFICATION  OF  ROCK  TYPES  IN  AN 
ARID  REGION  BY  AIR  PHOTO  PATTERNS 


INTRODUCTION 

Piioto  pattorii.s  useful  for  separating  rock  types  by  origin,  i.e.  igneous,  sedimen¬ 
tary.  or  metainorphie,  have  been  identified  in  previous  work  in  air  photo  analysis.* 
In  published  works,  photo  patterns  are  presented  in  two  ways; 

( 1 )  as  partial  lists  of  characteristics  del'ining  a  particular  rock  type,  or 

(2)  as  applications  of  photo  analysis  methods,  usually  in  narrative  form, 
to  the  rocks  in  a  specified  area. 

Most  of  these  sources  discuss  photo  patterns  and  rock  type  identification  criteria  in 
the  second  manner.  Although  published  rock  type  identification  criteria  may  be  valid 
for  a  particular  site,  their  applicability  to  other  geographic  and/or  climatic  regions  has 
not  been  determined. 

In  general,  sedimentary  rocks  are  the  easiest  to  identily  on  aerial  photography 
because  stratitication  < layering!  frequently  sliows  as  continuous  banding  pattems. 
Separation  of  sedimentary  rocks  by  type  is  also  relatively  easy,  in  part  because  much 
work  has  been  done  and  identification  criteria  are  numerous.  Igneous  rocks  can  also  be 
identified  relatively  easily  because  they  are  highly  variable  m  photo  pattern.  This  is  to 
be  esiH'eted,  because  they  are  highly  variable  in  composition  and  form.  However,  it  is 
more  ditficult  to  identify  specific  igneous  rock  type’s  than  specific  sedimentary  rock 
types  on  stereo  .lerial  photography  because  only  the  more  obvious  identification 
.riteria  have  been  useel  as  indicators.  Igneous  rocks  can  be  identified  by  type  because 
oi  tlic  strong  lel.itionslhp  between  photo  tones  and  rock  color  ami  composition.  In  the 
published  liter. iture.  tepical  air  photo  patterns  are  presenteil  for  some  igneous  and 
'cdimentars  fieks.  inelmling  basalt,  gr.inite,  shale,  sandstone,  and  limestone. 

Metainorphie  rocks  are  the  most  difficult  to  identify  and  separate,  and  as  yet 
nu  photo  p.itterns  h.oe  been  reeogni/ed  that  enable  geologists  to  deduce  the  com¬ 
position  of  iiietamorplue  rocks  on  aerial  photography.  Metainorphie  rocks  tend  to 
ret.im  eharaeterislies  of  the  parent  rock,  such  as  layering  if  they  were  sedimentare . 
and  this  can  leail  to  confusion  in  aerial  )ihotographie  interpretation.  In  addition,  sharp 
boundaries  between  metainorphie  rock  types  are  usually  absent.  Some  metainorphie 
rock  photo  patterns  have  been  presented  in  the  literature  by  Belcher,  et  al.  and  von 
B.ind.it  and  in  Miliuirv  Uvoloiix  on  the  basis  of  structure/  te.xture.  i.e.  gneiss,  schist,  or 


Suf  rctcrcnucs  tor  ;i  listing  of  published  work  concerning!  uir  photo  anah  sis  id  rock  types. 
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slat'’.’  liiciitit'ication  criteria  have  also  been  suggested  by  von  Bandat  tor  such  rocks  as 
serpentine  and  marble. - 

The  prior  incomplete  treatment  of  rock  type  identification  criteria,  together 
with  ipiestions  as  to  their  aecuracy  and  universality,  provided  the  basis  tor  this  study. 
Many  of  these  rock  type  iilentification  criteria,  although  characteristic  of  the  rock 
as  studied  in  the  field  or  in  a  hand  specimen,  cannot  be  seen  on  vertical  aerial  photo¬ 
graphy,  whereas  other  patterns  or  criteria  as  described  in  the  literature  are  found  to 
be  severly  restricted  when  carefully  analy/.ed.  I'or  instance,  many  photo  patterns 
are  restricted  by  climate,  and  this  fact  has  been  inadeipiately  considered  in  the  pub¬ 
lished  literature.  In  addition.  1  1  1.  research  over  the  \ears  casts  doubts,  or  at  least 
places  restrictions,  on  some  well-pub!ici/ed  criteria.  Thus,  the  objectives  of  this  study 
were  to  test  ami  evaluate  existing  criteria  to  identify  rock  types  on  aerial  photography 
in  an  and  environment  and  to  ilevelop  new  criteria.  1  he  usefulness  and  accuracy  ot 
recogni/cd  criteria  were  evaluated  by  using  them  to  identify  rock  types  on  aerial 
I'ort  Bliss  area  contains  all  three  kinds  of  rocks,  it  was  selecteil  as  a  research  area 
where  rock  tv  pc  identific.ition  criteria  can  be  developed,  tested,  and  evaluated  (figures 
I  and  :).* 
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KKiURE  1.  Location  of  the 
l  ort  Bliss.  Texas/New  Mexico 
Kesearch  Area^jWliich  I  ncompasses 
Approximately  b.SO.OOO  Hectares. 
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PROCtDURtS 

1  Ik'  photic  analysis  was  lionc  on  IVIonsf  Mappini;  Aj’eiwv  1! 00.000  SLalc, 
0-  by  '^)-iiKh  sicri'oscopic  pancliroinatic  aerial  I’hotograpliy .  llowii  by  Mark  lUird 
in  107.',  assembled  as  an  uneontrolled  plioloinosaie.  I'he  study  area  was  laid  as  one 
photo  inosaie.  laeilitatintr  erirrelations  between  widely  ^e|)alaIed  areas.  The  photo 
analysis  was  done  exclusively  by  detailed  stereo  study.  Supplementary  IsS.  .Mr  1  orce 
0-  bs  0-iiich  panchromatic  stereoscopic  aerial  photoeraphv .  at  a  scale  ol  l;s0.000 
( Al  (lO  -  .',s.  lOpp;  and  Ah'  71  -  10,  1071  (,  was  occasionally  usctl  to  resolve  pro¬ 
blems  related  to  scale. 


The  photo  analysis  procedures  used  in  this  study  were  developed  by  Robert 
1  .  I'rosl.'  I'he  procedures  involve  detailed  stereoscopic  analysis  of  photo  patterns 
so  that  the  winous  components  <>r  pattern  elements  of  the  landscape  -  landform. 
dramaec.  eiosiou,  deposition,  vegetation,  photo  tones,  photo  textures,  culture,  and 
special  features  -  v.m  be  detmed.  I  his  method  of  analysis  has  been  aiipi>ed  previously 
on  regional  .iiui  local  scales  to  idenlifv  rock  types  in  an  arid  environment.'^  In  this 
piescni  siudv  .  oiii ,  i.mdform.  drainage  (plan,  and  srradient  and  cross  section),  photo 
tones,  and  photo  textures  were  considered.  Special  feat  ires  such  as  jointing  and  dip 
.md  strike  relationships  were  includcil  under  landform. 


Because  rock  t>  p-e  cannot  be  observed  rlirectly  on  aerial  photography,  it  must 
be  derived  inferentially  from  analyses  of  the  above  pattern  eletiients.  Drainage  and 
landform  are  the  most  important  because  certain  rocks  or  combinations  of  rocks 
produce  characteristic  landform  and  drainage  patterns,  for  example,  interbeddoil 
sedimentary  rt'cks  often  pri>duce  stair-stei'  topography,  and  discontinuous  drainage 
i-.  associat  'd  with  limestone.  In  arldition.  photo  tones  are  related  to  rock  color  aiul 
comiiosition:  tor  example,  basalt,  a  dark  gray  to  black  rock,  is  formed  of  dark-colored 
minerals,  and  its  photo  tone  ranges  from  dark  gray  to  black,  i’he  term  photo  te.xturc 
refers  to  the  surface  of  the  rock  as  it  appears  on  the  stereoscopic  aerial  photography. 
I’hoto  textures  are  related  to  crodability.  which  is  in  part  a  function  of  grain  si/.e  ami 
iiardncs,.  .\  fine-grained  rock,  for  example,  will  have  a  smooth,  velvety,  soft  photo 
texture. 


I  rosi.  c;  dl..  Intcipictalion  ■>!  Soils  and  R^nks.  1953. 
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Analysis  ol  these  pattern  elements  provides  clues  to  rock  type,  and  when  com¬ 
bined  and  compared  to  rock  type  identification  criteria,  the  clues  become  the  basis 
for  predicting  rock  types.  Table  1  shows  rock  type  identification  criteria  by  the 
pattern  elements  of  landform,  drainage,  photo  tone,  and  photo  texture.  Published 
criteria  are  shown  in  this  type  and  newly-developed  criteria,  in  italics. 

(ieologic  structure,  such  as  joints,  faults,  and  dips  and  strikes,  also  play  a  role 
in  rock  type  analysis,  because  changes  in  structure  can  change  landform  and  drainage 
patterns,  l  or  instance,  in  an  arid  environment,  steeply-dipping  limestones  are  much 
more  angular  and  rugged  in  appearence  than  gently-dipping  limestones.  Consequently, 
understanding  structural  changes  is  necessary  to  identify  and  correlate  the  various 
lithologies  in  an  area. 

In  this  studv,  each  lithologic  unit  identified  on  the  photography  was  analyzed 
ti)  determine  its  origin,  i.e.  igneous,  sedimentary,  or  metamorphic.  Bedrock  was  sep¬ 
arated  into  two  groups  -  layered  and  non-layered.  Layering  is  most  typical  of  sedi¬ 
mentary  rocks.  The  layers  or  beds,  normally  continuous  horizontally,  re.sull  from 
sequential  dei'osition  of  materials  of  ilifferent  compositions.  Although  sequential  lava 
Hows  (igneous  rocks)  do  form  layers,  this  layering  can  be  differentiated  from  sedimen- 
tar>  bedding  on  aerial  jihotography  by  the  darker  tone  of  the  lava,  by  the  rougher 
photo  texture  of  the  l.oa.  and  by  the  different  drainage  and  erosional  characteristics  of 
the  materials.  Layering  in  metamorphic  rocks,  seen  on  aerial  photography,  is  usually 
"remnant,"  i.e.  a  mildly  metamorphosed  sedimentary  rock  retains  its  layered/bedded 
structure,  Diflerentiation  between  "remnant”  layering  and  sedimentary  bedding  is 
difficult,  and  .idditional  photo  characteristics  of  either  sedimentary  or  metamorphic 
origin  must  be  identilied  to  diflerentiate  between  them.  Lor  instance,  landfonns  in 
sedimentary  roeks  .ire  controlled  by  the  bedding,  whereas  “remnant”  layering  in 
metamorphic  rocks  exerts  no  eontrol  on  landform.  In  general,  however,  rock  units  that 
exhibit  layering  on  .leri.il  photography  are  most  likely  sedimentary  rocks. 

file  layered  roeks  were  separated  into  lithologic  units  based  on  layering  pat¬ 
terns.  differences  in  overall  photo  tone,  slope,  resistance  to  erosion,  and  ridge  crest 
characteristics.  Lhe  vertical  relationship  or  stratigraphic  position  of  sedimentary  rocks 
generally  represents  the  sequence  in  which  they  were  deposited,  thus  the  lowest  unit 
is  usually  the  oldest  and  the  highest  unit  is  the  youngest.  The  convention  of  describing 
sedimentary  units  beginning  with  the  oldest  (lowest)  is  followed  here. 


Ilic  non-layorcd  rocks,  either  igneous  or  inetaiiiorphic  in  origin,  are  irregular 
in  outline  aiul  usually  exhibit  a  rougller  photo  texture  than  layered  rocks.  In  the 
I'ort  Bliss  area,  the  non-layered  rocks  consistently  interrupt  the  continuity  of  sedimen¬ 
tary  bedding,  which  suggests  they  are  igneous  in  origin.  Subdivision  of  the  non-layered 
rocks  was  difficult  because  of  their  variation  and  the  limited  areal  extent  of  most  of 
the  imits.  l'he>  are  separated  into  individual  units  on  the  basis  of  photo  tone;  photo 
texture;  ridge  crest  characteristics;  and  the  prevalence,  degree,  and  type  of  jointing. 

Most  of  the  lithologic  units  identified  on  the  pluitography  were  visited  in  the 
lield  in  at  least  one  location.  However,  in  the  Organ  Mountains,  field  checking  was 
not  possible  because  of  military  restrictions.  Also,  some  units  in  the  Hueeo.  Sacra¬ 
mento.  and  Jarilla  Mountains  were  not  visited  heeaiise  of  difficult  access. 

.\fler  the  plioto  amilysis  and  field  work  were  compleleil,  llie  lithologic  units 
klentified  vin  the  aerial  photography  were  compared  to  published  geological  data. 
This  confirmed  the  locations  o('  contacts  and,  in  atidilion.  j>rovided  information  on 
tlie  composition  of  rock  units  not  visiteil  in  the  field.  1  lie  criteria  used  to  iilentily 
the  vsirious  lithologies  in  tlie  study  area  were  evaluated  ;is  to  tlieir  usefulness  and 
accuracy ,  and  new  criteria  were  then  ilefined. 


RtSULTS 

.Sixteen  litliologic  units  were  identified  on  tlie  aerial  photogi  iphy .  len  ot 
these  units  .ire  l.iyeied  (units  11  through  I  10).  and  six  are  non-layered  (units 
Nl  tliroiigli  Nb).  1  he  lithologic  units  ;ire  shown  m  figure  .A  l  ach  ot  the  lithologic 
units  was  evalu.ilcd  in  terms  o|  its  characteristic  laiulform  and  drainage  patterns  (plan. 
,ind  gradient  and  cross  section  1,  and  is  photo  tone  and  photo  texture.  A  summary  o) 
the  characteristics  for  each  lithologic  unit  is  (vresented  in  table  2.  and  descriptions  and 
illustrations  of  the  units  are  in  the  appendix.  Analysis  of  (dioto  pattern  elements 
provided  the  basis  lor  rock  type  predictions.  I  welve  of  the  Ki  units  were  visited  in  the 
lield  in  at  least  one  location.  The  field  data  are  presented,  along  with  the  data  derived 
Irom  plioto  analy  sis,  in  the  appendix,  A  summary  of  the  rock  type  identifications  from 
photo  an.ilysis  aiul  lielil  evaluations  is  shown  m  t.ible 
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TABLE  3.  Origins  and  Composilioiis  of  the  Lithologic  Units  in  the  Study  Area 
as  Determined  from  Photo  Analysis,  with  Field  Names. 

Identiflcation  Based  Identification  Based 

Ruck  Origin  on  Photo  Analysis  on  Field  Work 

Metamorphic  Schist  or  slate  Marble 

Metamorphic  Quartzite  and  schist  Quartzite 

Metamorphic  Schist  and  quartz  Quartzite 


Limestone  with  shale 
partings 

Limestone  and  shale  with 
some  siltstone  and  minor 
sandstone 

Limestone,  with  shale, 
sandstone,  and  conglo¬ 
merate 

Limestone  (?) 

Limestone 

Not  visited  in  the  field 

Sandstone 

Granite 

Quartz  lalite/rhyohte 

Quartz  monzonite/ 
quartz  latite 

Quartz  diorite/quartz 
monzonile/dacite 

Not  visited  in  the  field 

Not  visited  in  the  field 


•Dii  jiisi-  liic  naim’s  iil  i>;m-i>us  rucks,  such  aspranilc  and  andesite,  connote  specific  mineral  assemblages  and  percentage 
ranges  of  mineral  components,  only  general  leniis  can  be  used  to  identify  igneous  rocks  on  aerial  photography  fhc  term 
'  cr.irrttic"  will  he  used  lit  the  sense  of  a  light-cidored,  coarse-grained,  .silicic  igneous  rock,  and  includes  granite,  grano- 
ilionlc.  ipiart/  dioritc,  and  monzonite.  “Andesitic”  refers  to  a  medium  composition,  i  e.  between  silicic  and  marie, 
line  to  riicdiiiiii-graincd  igneous  rock.  The  inediiim  or  intermediate  range,  therefore,  includes  laliles,  andesites,  and 
d.icMcs,  hut  not  rhyolites  oi  basalts. 


>ck  Unit 

Ruck  Origin 

Identification  Based 
on  Photo  Analysis 

LI 

Metamorphic 

Schist  or  slate 

l: 

Metamorphic 

Quartzite  and  schist 

L3 

Metamorphic 

Schist  and  quartz 
schi.st 

L4 

Sedimentary 

Limestone 

L5 

Sedimentary 

Limestone  with  shale 

L6 

Sedimentary 

Limestone 

1.7 

Sedimentary 

Limestone 

L8 

Sedimentary 

Limestone 

L^) 

Sedimentary 

Sandstone 

LIO 

Sediinenlary 

Sandstone 

N1 

Igneous 

Granitic* 

n: 

IgllOOU.S 

Andesitic* 

N.) 

Igneous 

(iranitic 

N4 

Igneous 

Andesitic  or  dioritic* 

N.S 

igneous 

Rliyolitc  or  dioritc 

N6 

Igneous 

Granitic 

DISCUSSION 


The  oriiiiii  of  ouch  lithologic  unit,  i.o.  ig.ncotis,  metumorphk'.  or  scdiincnlary. 
was  correctly  predicted  in  photo  analysis.  The  rock  units  were  easilv  separated  into 
layered  and  non-layered  grou  is,  a  standard  method  for  determining  rock  origin  on 
aerial  photography,  liven  though  igneous  and  metamorphic  rocks  sometimes  form 
layered  sequences  (and  in  the  l  ort  Bliss  area  metamorirhic  rocks  do),  by  far  the  largest 
proportion  of  layered  rocks  are  sedimentary.  N'on-layered  rocks  are  necessarily  either 
igneous  or  metamorphic.  and  in  the  Tort  Bliss  area,  they  are  igneous.  Standard  criteria, 
inciudmg  the  irregularity  of  igneous  bodies,  their  lack  of  linearity,  the  presence  of 
pervasive  jointing,  and  curved  boundaries,  were  used  to  make  this  determination. 


Setlimeiitary  Rocks  •  Limited  field  work  showed  that  the  |■'^edominant  rock 
type  was  correctly  itlentified  in  photo  analysis  for  each  sedimentary  mapping  unit. 
Limesttnie.  the  most  common  rock  type  in  the  study  area,  was  easilv  identified  because 
of  its  tyiiical  a(>pearance  on  aerial  photography  in  an  arid  climate,  i.e.  sharp,  narrow 
ridge  crests,  high  resistance  to  erosion,  angularity,  and  light  photo  tone.  Criteria 
that  identify  limestone  formed  in  an  arid  environment  are  lacking,  or  incorrect,  in 
tlic  published  literature,  and  the  criteria  used  here  are  generally  unpublished.  Some 
of  the  criteria  for  limestone  formed  in  temperate  or  humid  regions  are  applicable 
to  those  loriiicv!  in  and  regions,  but  these  are  few  in  number  Primarily  unpublished 
i.riteria  were  also  u>ed  to  identify  saiulstrtne.  .No  new  criteria  were  recogni/eil  to  aid 
dil'ferentiation  among  the  sedimentary  rocks  or  to  differentiate  between  sedimentary 
and  other  tv  pcs  of  rocks. 


I  nless  .1  rock  type  formed  the  major  part  of  a  mapping  unit,  it  was  not  noted 
on  the  photography.  .Such  rock  types  included  sandstone,  conglomerate,  and  siltstone 
interberlded  with  limestone.  These  rocks  are  highly  calcareous  so  they  have  eroded 
and  vve.itherevl  in  a  manner  similar  to  soluble,  carbonate  rocks.  The  same  pattern 
elements  characteristic  of  soluble  rocks,  such  as  pervasive  jointing,  angularity  of  out¬ 
crop.  and  scalUtping  along  baseline  contours,  are  most  prominent  in  the  calcareous 
sil (stones,  sandstones,  and  conglomerates  in  interbedded  se((uences  in  the  i  ort  Bliss 
are.i.  The  appearance  of  these  calcareous  rocks,  at  least  on  the  1  : 100,000  scale  photog¬ 
raphy.  is  therefore  that  o(  limestone,  and  as  a  result,  these  rocks  were  not  identified 
in  units  composed  primarily  of  limestone. 


During  tlic  fickl  work  prcilictions  of  rock  type  were  confirined.  anil  correlations 
lietween  mapping  units  iletcrmineil  on  the  aerial  pliotography  were  verified,  i.e.  the 
rocks  designated  unit  L4  in  one  location  were  determined  to  be  the  same  as  tliose 
designated  unit  L4  in  another.  About  <i()  percent  ot  the  study  area  lias  been  mapped 
geologically:  hence,  additional  correlations  can  be  made  using  these  maps.*  The 
correlations  tor  the  sedimentary  rocks  in  the  study  area  are  shown  in  table  4. 


TABLE  4.  Corrclalions  Bcuveeii  Sediinciiiary  Pliolo  Mapping  I'nits 
and  PublislicU  (ioological  Data. 

Pliolii  Unit  Published  Geological  Data 


1.4  Moi!lo\a  .Hid  11  Paso  l.iniesli>nes  (Kichaidsonl 

Montuya  and  I  I  Pa.so  1  iinosiones  with  some  Ihieto  and 
Magdolena  I  iniCMones  (Dunliain) 

Montoya  Dolontile,  I  I  Paso  l.intcsioiK'.  and  I  ussclinan 
Dolo'.nite  (liadiour.  I‘)72) 

I  s  llueco  Limestone  (Richardson.  Schmidt  and  (  raddock) 

Magdelena  lormatton  and  lliieco  lamestone  (Harbour.  I‘172l 

l,(i  llueco  l.inieslone.  lower  division  (King,  ei  al.) 

llueco  l.inieslone  (.Sclinndi  and  Craddock) 

17  llueco  l.iinestime.  middle  division  (King,  et  al.) 

Uhss  Sandstone.  M  Paso  and  Monio).i  iDimations  (Pray. 
l'»('l) 

i  s  NO  INI OKMATKJN 

1  0  Magdelena  Oiou|'.  ^'eso  lonnation.  San  Andies  1  ormation 

(Ptay.  I‘>()1 ) 

111)  NO  INI  ORMATION 


Sec  (cKUHvCN  IiU  .1  hstnv  ■*!  'yNtlo.-U  .ll  lions  «>»  lllC  I  iMl  UllSN  slUM 


A  problem  appears  to  exist  with  units  L5,  Lb,  and  L7  on  the  eastern  side  ol 
the  study  area  within  the  Hueco  Limestone  on  published  maps.  The  two  lower  divi¬ 
sions  of  the  Hueco  Limestone  identified  by  King,  et  al.  correlate  with  units  Lb  and  L7 
in  the  southern  part  of  the  study  area,^  No  published  data  exists  for  the  area  around 
Campbell  Tank  butte  where  unit  L5  is  best  exposed,  so  the  correlation  between 
unit  L5  and  the  Hueco  Limestone  cannot  he  made  in  this  area.  The  Hueco  Limestone 
mapped  by  Richardson,  Schmidt  and  Craddock,  and  Harbour  was  not  suhdiviiled.*' 

The  rock  type  prediction  made  in  photo  analysis  for  unit  L9  in  the  Sacramento 
Mountains  is  incorrect.  Based  on  application  of  standard  photo  interirretation  criteria. 
unit  LO  was  identified  as  sandstone.  These  criteria  include  an  angular,  joint-con- 
trolled,  coarse-textured  dendritic  drainage  pattern;  long,  straight  stream  segments; 
deep,  narrow,  steep-walled  canyons;  broadly  rounded  ridge  crests  and  spurs;  moderate 
resistance  to  erosion;  and  light  photo  tone.  IVay  indicates  the  rocks  in  this  area  include 
interbedded  shales,  sandstones,  and  limestones,  but  that  limestone  and  shale  pre¬ 
dominate.^  Sandstone  forms  about  14  percent  of  the  rocks  included  in  unit  l.d. 
and  it  appears  that  the  sandstone  pattern  elements  obscured  the  limestone  and  shale 
photo  patterns  to  the  point  that  the  sandstone  pattern  predominated.  This  suggests 
that  the  sandstone  is  not  calcareous.  ITirtlicr  work  is  needed  to  refine  or  better  define 
criteria  used  to  identily  sandstone  in  an  arid  environment  in  particular,  in  addition 
to  identifying  sedimentary  rocks  in  interbedded  setiuences. 


Also,  a  major  problem  exists  in  correlating  the  photo  mapping  units  in  the 
Sacramento  Mountains  with  the  mappeil  geological  iormations.  It  is  obvious  Irom 
I’ray's  work  that  the  Sacramento  Mountains  have  been  uplifted  far  more  than  had 
been  thought  from  the  photo  analysis. lis.sentially.  the  Hueco  Limestone,  the  lowest 
stratigraphic  unit  in  the  southern  part  of  the  Hueco  Mountains,  has  been  uplifted 
so  much  that  it  is  in  the  middle  of  the  stratigraphic  sequence  in  the  Sacramento  Moun¬ 
tains.  rite  difference  m  elevation  between  these  two  positions  is  about  270  meters 
(dOO  feet). 


‘'I’  H  K mu.  c  l.il.,  Iluivci  Mounijins. 

*’ll.  H,  Kiihardscin.  1  ranklin  Vlounlains;  Paul  Schiindl  and  Campbell  Craddoek.  Jarilla  Mountain.';:  and 
R  I  .  Harbifur,  Nonhern  I  ranklin  Mountjms.  1972. 

liiyd  i*rj> .  SacrjiiKMito  I  scarpnient.  1961. 
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The  area  niapped  as  unit  L7  in  the  Saerainento  Mountains  was  rnapp  as 
Bliss  Sandstone,  l-.l  Paso  Limestone,  and  Montoya  Limestone  by  Pray.^  The  formations 
correspond  to  units  L3  and  1.4  in  the  Franklin  Mountains.  Pray  shows  the  lower 
portions  ot  unit  L9  as  part  of  the  Magdelena  Group  (limestones),  which  appears 
elsewhere  in  this  study  as  part  of  unit  L.‘'.  The  area  designated  colluvium  on  figure 
3  (CO)  is  underlain  by  Hueeo  Limestone  and  the  Abo  f'ormation  (limestone,  shale, 
and  sandstone),  and  the  upper  portion  of  unit  L9  is  mapped  by  Pray  as  Yeso  and 
San  Andres  I'ormations  (mainly  limestones). 


Igneous  Rocks  •  Igneous  rocks  were  correctly  identified  as  such  in  photo 
analysis.  Analysis  was  made  of  the  photo  pattern  elements  of  igneous  rocks  to  derive 
information  on  composition  (color/tone)  and  grain  size,  which  are  the  basis  for  the 
classification  of  igneous  rocks.  Standard  photo  interpretation  criteria  to  identify 
intrusive  igneous  rocks  in  an  arid  environment  were  successfully  applied.  These  include 
the  absence  of  linear  patterns  and  regularity,  the  presence  of  jointing,  and  curved 
boundaries.  Most  of  the  criteria  used  are  present  in  the  published  literature,  including 
papers  by  Belcher,  et  al..  Frost,  et  al.,  Lueder,  and  Way  and  in  Military  Geology.^  ^ 
Analysis  of  hand  specimens  showed  that  compositions  are  slightly  more  silicic  than 
predicted. 


Granitic  rocks  were  all  correctly  identified  as  such  on  the  aerial  photography 
using  the  criteria  listed  above.  In  addition,  curvilinear  sheeting  joints  and  a  rounded, 
lumpy  texture  were  recognized  as  probably  indicative  of  granitic  rocks.  Curvilinear 
sheeting  joints,  usually  subparallcl  to  the  land  surface,  result  from  the  release  of 
pressure  as  a  result  of  unloailing.  They  are  common  to  granitic  rocks  and  occur  in  only 
one  other  type  of  ri)ck.  gneiss,  which  is  distinguishable  from  granitic  rock  because 
of  its  lower  resistance  to  erosion  in  this  climate;  linearity;  generally  darker  photo 
tone;  and  rougher,  more  uneven,  knobby  photo  texture.  Curvilinear  sheeting  joiiiK 
can  be  seen  on  vertical  aerial  photography  on  side  slopes. 


'^IKnd  C.  I’rj),  I  MMrpnunl. 

"’ll.  .1.  lUkhor,  vt.il,.  I.LTU-iiiiv  .iml  MciiiiiiorpliK  Kiukv;  Robert  I  .  IniM,  el  al..  Photo  Interpretation  ot  Soils 
and  Rocks;  I9.VI  Donald  R.  l.ucii.  r.  trrial  riKiiivru/iliic  .'nicrprclalioii.  and  Doiielas  S.  V,\i\ .  Terrain  Aiiaivsis. 
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Wliere  curvilinear  sheeting  joints  and  vertical  joints  occur  together,  a  texture 
is  produced  on  granitic  rocks  that  can  only  be  described  as  rounded  and  lumpy.* 
This  texture  is  apparent  on  aerial  photography  on  outcrops  as  well  as  on  large  bodies 
of  granitic  rocks,  where  it  is  superposed  onto  the  comi.ion  domal  shape.  A  rounded, 
lumpy  texture  has  been  observed  on  granitic  rocks  on  aerial  photography  ranging 
in  scale  from  1 ;  10,000  to  1  ;120,  000.  It  is  also  apparent  in  the  field  at  all  scales 
in  semi-arid  and  arid  environments.  If  the  vertical  joints  are  very  closely  spaced,  grani¬ 
tic  outcrop  will  appear  blocky  on  the  aerial  photography;  but  when  viewed  closely 
in  stereo,  llie  blockiness  is  found  to  be  rounded,  rather  than  angular  (see  figures 
3,  4,  10.  11,  12,  and  14).  More  observations  are  required  to  determine  whether 
this  texture  is  characteristic  of  granitic  rocks  in  all  climates. 


Previous  research  by  Frost;  Frost,  et  a).;  and  Lender,  among  others,  has  stated 
that  the  identification  of  the  intermediate  composition  and  grain  size  igneous  rocks 
is  ver>  difficult  on  aerial  photography,  and  this  statement  is  partially  confirmed  in 
this  study.'  '  In  their  cla.ssifications  of  igneous  rocks  as  applied  to  aerial  photography, 
most  authors,  including  Belcher,  et  al,;  Frost,  et  al.;  Military  Geology:  Avery;  von 
Bandat,  and  Way  di.scnss  only  compositional  extremes,  basalts,  granites,  and  occa¬ 
sionally  the  fragmental  (pyroclastic)  rocks.'*  The  basis  for  these  classifications 
is  that  the  rocks  with  similar  grain  si/.es  will  appear  similar  on  aerial  photography; 
but  other  directly  observable  characteristics,  photo  tone  in  particular,  readily  enable 
identification  of  at  least  three  groups  of  igneous  rocks  on  aerial  photography  -  dark- 
toned  (mafic  composition),  medium-toned  (intermediate  composition),  and  light- 
toned  (silicic  composition).  If  the  end  members  can  be  identified,  the  intermediate 
members,  i.e.  those  left  over,  should  at  least  be  included  in  a  separate  group. 

Igneous  rocks  with  intermediate  compositions  were  identified  as  such  on  the 
aerial  photography,  but  predictions  of  grain  size,  based  on  analysis  of  photo  texture 
(the  way  the  rock  material  looks  on  the  stereo  aerial  photo)  were  not  always  correct. 
Intermediate  composition  was  correlated  to  medium  photo  tone.  New  criteria  to 
identify  the  fine-grained,  intermediate  composition  (andesitic)  igneous  rocks  on  aerial 
photography  include  long,  smooth  slopes;  blocky  peaks,  vertical  jointing;  a  medium 
to  dark  gray  photo  tone;  and  a  rough,  blocky  photo  texture. 


*Otl\cr  roi'k  types,  such  as  sandstone,  eonplonicrale.  and  pneiss,  al.so  appear  rounded,  but  in  these  instances,  the 
roundiny  is  due  to  weathcriiip  and  not  to  jointing.  Their  textures  are  uneven  and  knobby,  not  lumpy. 

' '  Kohert  I  .  I  rosl,  (  valuation  oT  .Soils  and  Permat'ro.sf  t'ondilion.s.  1950;  Robert  h.  ITost,  cl  al..  Photo  Intct- 
jiretation  of  Soils  and  Hocks.  1953;  and  Donald  R.  Lueder,  Aerial  I’liDloaraphic  Interpretation. 

'-I>.  J.  Helcher,  el  al..  Igneous  and  Metainorphie  Rocks;  Robert  1,  1  rost,  Photo  liUctpretation  of  Soils  and 
Rocks.  1953;  Military  (icoh)^y.  l  ueenc '/.  Avery.  Jnlerprelation  oj  Aerial  l‘holo/:raphy.  Horst  T.  von  Bandat, 
Aeroyeolnyy  :  and  Douglas  S.  Way,  Terrain  .Analysis. 
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The  intermediate  composition  rocks  in  the  study  area  incUidc  units  N2  and 
N4.  No  problems  were  encountered  with  unit  N2.  but  rock  type  identification  in 
unit  N4  was  partially  incorrect  in  the  Organ  Mountains.  Unit  N4  was  identified 
in  photo  analysis  as  andesitic  or  dioritic,  i.e.  intermediate  composition  and  fine  to 
medium  grained.  Dunham  shows  that  the  northeast  area  of  unit  N4  is  a  medium¬ 
grained  quartz  mon/onite,  and  the  southwest  area  is  a  porphyritie  rhyolite,  similar  in 
description  to  unit  N2  in  the  Franklin  Mountains.’  ^  Compositional  and  grain-si/e 
predictions  were  basically  correct  for  the  southwest  part  of  unit  N4  in  the  Organ 
.Mountains,  but  were  incorrect  for  the  northeast  part. 


Metamorphic  Rocks  •  The  metamori)hic  rocks  in  the  study  area  pose  a 
different  problem  than  either  the  igneous  or  sedimentary  rocks.  Their  classification 
and  nomenclature  are  based  on  their  chemistry  rather  than  on  a  combination  of 
chemical  and  physical  properties;  thus,  they  are  very  difficult  to  identify  in  a  hand 
specimen,  much  less  on  1:100.000  .scale  aerial  photography.  In  most  cases,  meta¬ 
morphic  rocks  can  only  be  correctly  identified  under  a  petrographic  microscope. 
Sedimentary  rocks,  for  e.xumple,  are  clas.sified  by  grain  size,  a  clastic  rock  with  sand- 
si/ed  particles  is  a  sandstone,  regardless  of  the  composition  of  the  individual  grains. 
The  grain  si/e  of  a  metamorphic  rock,  on  the  other  hand,  has  nothing  to  do  with  its 
classification,  which  is  dependent  on  the  temperature  and  pressure  regime  in  which  the 
rock  was  formed.  .A  low-grade  metamorphic  rock  formed  from  a  sedimentary  rock  such 
as  shale,  for  e.xample.  would  contain  ((uart/.  mu.scovite,  chlorite,  albile.  ejhdote.  anil 
tourmaline.  When  subjected  to  more  heat  and  pressure,  chlorite  .md  tourmaline  dis¬ 
appear  because  they  become  unstable  and  are  replaced  by  biotite.  whieh  is  stable  under 
the  new  pressure  temperature  conditions.  Because  of  this  compositional  comple.\it\ . 
metamorphic  rocks  are  usualfi  ignored  in  di.scussions  of  rock  type  idemlification 
criteria  on  aerial  photography,  or  are  treated  structurally/texturally,  i.e.  as  gneissic. 
schistose,  or  slaty.  A  systematic  approach  leading  to  the  identification  ol  metamorphic 
rocks  by  composition  rather  than  by  texture/structure  has  not  as  yet  been  developed. 
All  metamorphic  rocks  in  the  study  area,  however,  were  correctly  identified  as  meta¬ 
morphic  in  photo  analysis.  1  his  was  done  by  a  process  of  elimination  rather  than  on 
the  basis  of  inherent  characteristics  or  photo  patterns  ol  the  particular  rock.  I  he 
combination  of  the  various  cliaracteristics  of  each  of  the  mctamor|vhic  rock  units  did 
not  correlate  with  the  characteristic  patterns  of  any  igneous  or  sedimentary  rock,  so 
units  LI.  12.  and  L,.^  were  assumed  to  be  metamorphic. 
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Some  general  eharaeteristics,  not  speeifie  identification  criteria,  were  used  to 
interpret  metamorphie  rocks  correctly  on  aerial  photography.  Two  such  characteristics 
are  metamorphie  grade  and  occurrence.  Metamorphie  grade  can  be  determined  by 
evaluating  the  resistance  of  a  rock  to  erosion;  the  higher  the  grade,  the  denser  and 
harder  the  rock  and  the  more  resistant  it  is  to  erosion.  Higli-grade  rocks,  those  highly 
resistant  to  ero.sion;  include  quartzite,  amphibolite,  and  granulite.  Low-grade  rocks, 
those  less  resistant  to  erosion,  include  some  greenschists,  phyllite,  and  hornfels. 


The  way  a  metamorphie  rock  occurs  can  also  provide  clues  to  rock  type.  Meta- 
morphic  rocks  occur  either  locally  or  in  regional  terrains,  and  the  types  of  rocks  in 
eacli  occurrence  can  differ.  Those  that  occur  locally  include  eclogites.  blueschists, 
and  serpentinite,  and  those  that  occur  in  regional  terrains  include  greenschist.  amphi¬ 
bolite,  and  granulite.  Some  rocks,  such  as  greenschist.  marble,  and  quartzite,  can  occur 
in  either  way.  However,  if  the  interpreter  can  determine  the  type  of  occurrence,  he 
can  significantly  leduce  the  number  ol  possible  rock  types  with  which  he  has  to  deal. 


Published  identification  criteria  did  not  .serve  as  an  aid  in  identifying  meta- 
morphic  rock  units  in  the  study  area.  According  to  the  criteria  listed  in  table  1.  LI. 
L2.  and  L3  correlate  most  closely  with  a  schist,  which  is  what  the\  were  predicted  to 
be.  The  correlations  are  very  poor,  however,  and  based  purely  on  published  criteria, 
one  would  have  to  consider  these  rock  units  sedimentary.  The  published  criteria  for 
marble  were  useless  because  they  are  so  few.  As  a  result  of  photo  analy.sis  of  unit 
LI  at  fort  Bliss,  several  criteria  were  identified  that  can  aid  in  identifying  marble 
in  the  future.  These  are  smooth  ridge  crests  and  the  line,  smooth  photo  texture.  There 
are  no  published  criteria  for  quartzite,  which  comprises  units  L2  and  L3.  Re-evalu¬ 
ating  the  photography  after  completing  the  field  work,  however,  has  suggested  several 
criteria  that  can  be  tested  in  future  work.  Ihese  criteria  include  a  high  degree  of 
resistance  to  erosion;  high  relief;  imtderate  jointing:  slightly  rounded  ridge  crests; 
an  angular  drainage  pattern;  steep-sided  gullies:  and  a  medium-to-coarse.  rough  and 
uneven,  photo  texture. 


The  metamorphie  rocks  in  the  I  ranklin  Mountains  are  local  in  occurrence  and 
result  from  contact  metamorphism.  This  was  not  recognized,  however,  until  the  rocks 
were  field  checked,  so  units  11.  L2.  and  L3  were  identifieil  as  among  those  rocks 
th.il  occur  in  regional  terrains.  Ihey  were  also  identified  by  slructure/texUire  rather 
th.in  by  rock  type  ( composition t.  Relative  metamorphie  grade,  however,  was  correctly 
interpreted  on  the  photography. 


The  inetaniorphic  rocks  in  the  Franklin  Mountains  are  local  in  occurrence  and 
result  from  contact  inetainorphisin.  This  was  not  recognized,  however,  until  the  rocks 
were  field  checked,  so  units  LI,  L2,  and  L3  were  identified  as  among  those  rocks 
that  occur  in  regional  terrains.  They  were  also  identified  by  structure/texture  rather 
than  by  rock  type  (composition).  Relative  metamorphic  grade,  however,  was  correctly 
interpreted  on  the  photography. 


TABLE  S.  Correlations  Between  Meiantorphic  Photo  Mapping  Units 
and  Published  Geological  Data. 

Photo  Unit  Published  Geological  Data 


l.l  Lanoria  Quartzite  (Richardson) 

Castner  Limestone  and  Lanoria  Quartzite  (Harbour.  1960) 

L2  Lanoria  Quartzite  (Richardson;  Harbour,  I960) 

l,.^  Bliss  Sandstone  (Richardson) 

Bliss  Sandstone  and  LI  Paso  Limestone  (Harbour,  1960) 


In  table  5,  the  correlations  between  photo-identified  metamorphic  rock  units 
and  litliologic  identifications  from  the  published  literature,  are  shown.  As  noted  above, 
units  L2  and  L3  were  determined  to  be  quartzite  as  a  result  of  field  work,  and  the 
only  discrepancy  iti  table  5  concerns  unit  LI.  Tlie  rock  unit  was  incorrectly  identified 
on  the  aerial  photography  as  schist;  whereas  field  work  suggested  it  was  marble.  How¬ 
ever.  Harbour's  detailed  mafiping  of  this  part  of  the  Franklin  Mountains  shows  that 
marble  is  present  only  in  isolated  blocks;  the  majority  of  unit  LI  is  quartzite.’ The 
oidy  outcrops  in  unit  LI  visited  in  the  field  just  tia|ipened  to  be  within  the  areas  of 
marble.  I'he  areas  Harbour  designated  as  marble  (Castner  Limestone)  were  noted  as 
ditferent  on  the  aerial  photograjiiiy.  but  they  were  thought  to  result  from  a  change  in 
erosion  pattern  on  steeper  sKqies  rather  than  from  a  change  in  rock  type. 
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CONCLUSIONS 


1.  In  the  published  literature,  claims  are  made  that  of  the  igneous  rocks,  only 
granite  and  basalt  can  be  identified  on  aerial  photography,  i.e.  that  one  cannot  identify 
rocks  of  intermediate  composition.  The  residts  of  this  research  show  that 

(a)  Although  published  criteria  for  granite  were  found  to  be  valid,  newly 
developed  criteria  were  verified  that  are  even  more  useful. 

(b)  Intermediate  composition  rocks  can  be  identified  on  aerial  photo¬ 
graphy.  Descriptions  of  these  rocks  are  provided  and  can  form  the 
basis  for  developing  identification  criteria. 

(c)  To  date,  there  is  no  comprehensive  classification  scheme  for  identity- 
ing  igneous  rocks  on  aerial  photography. 

In  this  report,  it  is  suggested  that  such  a  classification  scheme,  based  on  airphoto 
patterns,  can  be  developed  for  the  full  range  of  igneous  rocks. 

2.  In  this  study,  it  is  stated  that  the  existing  criteria  for  metamorphic  rocks  arc 
too  general  and  that  they  do  not  appear  to  be  applicable  in  arid  regions.  A  basis, 
depending  on  type  of  occunence  and  metamorphic  grade,  was  laid  for  tiie  development 
of  criteria  for  metamorphic  rocks  in  this  environment. 

.L  These  results  are  applicable  to 

tai  Manual  techniques  of  feature  extraction  for  developing  digital  data 
bases,  such  as  those  required  bv  the  Defen.se  Mapping  Agency 
(DLMS.TTADB). 

ibl  Terrain  .tnalysis. 

le)  Tlie  selection  ot  engineering  sites,  tlic  location  of  mineral  resources, 
and  the  location  of  engineering  materials. 
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APPENDIX 


PREDICTIONS  OF  LITHOLOGIC  TYPES 


Layered  Rocks  •  Unit  LI  is  located  on  the  cast  side  ot  the  f  ranklin  Moun¬ 
tains  along  the  Transmountain  Highway  (figures  2.  3.  and  4).  The  photo  pattern 
elements  defining  unit  LI  are  shown  in  table  2.  f  aint  layering  suggests  that  unit  LI 
is  sedimentary  rock.  The  ridge  crests  are  most  like  limestone  ridge  crests,  but  the 
photo  tone  is  too  dark  for  limestone  in  this  climate  (table  1 ).  In  addition,  differences 
in  hardness,  which  are  characteristic  of  limestone  sequences,  are  not  apparent  on  the 
ridge  slopes  and  spurs.  Unit  LI  has  none  of  the  characfenstics  of  layered  igneous  rock 
(How  material)  either  (table  1).  The  alternative  is  that  unit  11  is  a  metamorphic 
rock,  probably  a  low-grade  schist  or  a  slate.  Lhe  layering  suggests  unit  LI  was  orig- 
inallv  .seilinienlarv. 


field  observations  show  that  unit  LI  is  a  marble,  rather  than  a  schist.  It  con¬ 
sists  of  alternating  hands  of  recrystalli/ed  reddish-tan  calcite  crystals  and  pinkish- 
or  greenish-gray  bands  (figure  5).  The  layers  are  very  thin,  ranging  from  less  than 
I  millimeter  up  to  2.s  millimeters  in  thickness,  I  he  darker  layers  are  probably  dolo- 
mitic  in  composition  because  they  ettervesce  ^erv  slowly  ;n  diluu  hydrochloric  acid. 
Large  reddish-brown  idocrase  porphyroblasis  are  associated  with  the  dolomitic  layers. 


FIGURE  5.  (.  lose-up  of  the  Marble  Fonning  Unit  LI 


Unit  L3  occurs  in  the  northern  and  central  Franklin  Mountains  (figures  2,  3, 
and  4).  In  the  northern  Franklin  Mountains,  it  overlies  unit  N1  and  along  the  Trans¬ 
mountain  Highway,  it  overlies  unit  N2.  It  always  immediately  underlies  unit  L4. 
(Jn  the  photography,  the  contacts  between  units  N1  and  L3  and  between  units  N2 
and  L3  appear  to  be  unconformities  -  they  are  irregularly  curved.  In  one  location, 
unit  L3  overlies  unit  N2,  indicating  it  is  younger  than  L2.  Unit  L3,  described  in 
table  2.  is  probably  metamorphic  like  units  LI  and  L2.  The  lighter  toned  layers 
of  unit  L3  do  not  appear  to  be  as  resistant  as  their  counterparts  in  unit  L2,  so  they 
are  probably  a  competent  schist,  perhaps  a  quartz  schist,  rather  than  quartzite.  The 
darker  toned  layers  are  probably  a  low-to-medium-grade  schist  like  their  counter¬ 
parts  in  unit  L2. 

Field  investigations  show  that  unit  L3  is  a  pink  or  reddish  quartzite.  The 
darker  toned  layers  identified  as  schist  on  the  photos  arL  the  darker,  reddish  quartzite. 
Unit  L3  is  much  more  extensive  than  determined  in  photo  analysis,  extending  from 
the  Transmountain  Highway  area,  south  to  the  tip  of  the  Franklin  Mountains.  Dips 
at  tlie  southern  exposures  were  about  20°W. 


Unit  L4  is  locatetl  in  the  northern  and  southern  Franklin  Mountains,  on  Bishop 
Cap,  and  in  the  southeastern  leg  of  the  Organ  Mountains  (figures  2,  3.  and  4). 
There  is  no  question  that  it  is  sedimentary  in  origin  (table  2).  Layering  is  very  pro¬ 
minent.  and  the  continuity  ot  the  layering  is  maintained  over  a  large  area.  The  sharp 
ridge  crests,  liglit  photo  tone,  and  higli  resistance  to  erosion  are  characteristic  of 
limestone  in  an  arid  region  (table  1 ).  The  less  resistant,  darker  toned  layers  may  also  be 
limestone,  because  they  are  not  soft  enougli  to  be  shale  and  they  are  not  rounded  like 
sandstone. 


Field  ob.servations  show  that  unit  L4  is  limestone,  as  predicted  in  photo  ana¬ 
lysis.  with  some  shale  partings  in  the  southern  exposures  (figure  7),  Dips  at  the 
southern  exposures  ranged  between  33°  and  36°W.  but  along  the  Transmountain 
Highway,  dips  were  over  50°W. 

Unit  L5  occurs  as  a  relatively  continuous  unit  between  McGregor  Range  Camp 
and  Route  50(i  in  the  Hueco  Mountains  and  in  the  northern  Franklin  Mountains. 
It  forms  part  of  Bishop  (  ap.  and  also  occurs  as  inselbergs  of  varying  size  surrounding 
the  Jarilla  Mountains  and  in  the  Hueco  Mountains  (figures  2,  3,  4,  and  8).  Unit 
15  is  the  lowest  stratigraphic  unit  on  the  eastern  side  of  the  study  area,  and  the 
highest  unit  on  the  western  side.  The  photo  pattern  elements  of  unit  L5  aic  shown 
in  table  2.  In  addition  to  the  stratigraphic  position  of  unit  L5  (above  uni.  I  4). 
layering,  linear  boundaries  that  parallel  unit  14.  and  stair-step  topograph-  suggest 
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it  is  sedimentary  rock  (figure  9).  Rills  on  the  darker  toned  layers,  indicative  of  a 
high  clay  content,  and  the  smooth,  fine,  photo  texture  suggest  that  they  are  shale.  The 
light  photo  tone,  angularity,  and  ridge-capping  characteristics  of  the  ligliter  toned 
layers  suggest  they  are  limestone. 


FIGURE  7.  Unit  L4  at  the  Southern  End  of  the  Frankhn  Mountains. 


Unit  L5  occurs  as  a  relatively  continuous  unit  between  McGregor  Range  Camp 
and  Route  50(i  in  the  Hueco  Mountains  and  in  the  northern  Franklin  Mountains. 
It  forms  part  of  Uisliop  Cap.  and  also  occurs  as  inselbergs  of  varying  size  surrounding 
the  Jarilla  Mountains  and  in  the  liueco  Mountains  (figures  2,  3.  4,  and  K).  Unit 
L5  is  the  lowest  stratigraphic  unit  on  the  eastern  side  of  the  study  area,  and  the 
liighest  unit  on  the  western  side.  The  photo  pattern  elements  of  unit  L.3  are  shown 
in  table  2.  In  addition  to  tlic  stratigraphic  position  of  unit  L.'i  (above  unit  L4). 
layering,  linear  boundaries  that  parallel  unit  L4.  and  stair-step  topography,  suggest 
it  is  sedimentary  rock  (figure  9).  Rills  on  the  darker  loned.  layers,  indicative  ol  a 
high  clay  content,  and  the  smooth,  fine,  photo  texture  succest  that  are  shale.  Tlie  light 
photo  tone,  angularity,  and  ridge-capping  characteristics  of  the  lighter-toned  layers 
suggest  they  are  limestone. 


FIGURE  8.  Stair-Step  Topography  in  Unit  L5  Near  Charley 
Tank  in  the  Hueco  Mountains. 


All  major  exposures  of  unit  L5  on  the  eastern  side  of  the  study  area  were 
vj^ited  in  the  field,  L5  eonsists  of  limestone  and  sliale.  as  predieted  from  photo 
analysis.  Dips  on  the  limestone  beds  range  from  5°  to  Limestone  outerops. 

ranging  in  eolor  from  medium  to  dark  gray,  are  common,  and  muel)  of  the  limestone 
is  fossililerous.  Red  and  green  shale  partieles  were  found  about  0..1  meter  below  the 
soil  surface  ami  in  small  gulleys  along  the  roadsides.  A  reddisli  sandstone  was  Ibuml 
in  one  location  near  Campbell  Lank.  Highly  calcareous  cream-or  buff-colored  silt- 
stone  and  sands  siltstone  were  commonly  found  in  this  sei|uence  in  association  with 
the  shales.  1  he  marked  stair-step  topography  so  visible  in  the  aerial  photography 
was  surprisingly  subtle  when  viewed  on  the  ground,  and  the  sharply-defined  layering 
on  the  photography  was  indistinct  when  viewed  on  the  ground  t  figure  dj.  Shale  and 
siltstone  formed  the  grass-covered  stair  treads,  and  limestone  formed  the  shrub-covered 
risers. 


Unit  LO  is  the  largest  mapping  unit  in  the  study  area,  forming  a  continuous 
exposure  from  the  southern  boundary  to  near  Borrego  Tank  in  the  Hueco  Mountains. 
If  lonu'^  a  series  of  inselbergs  from  Campbell  Tank  northwest  almost  to  Route  .s4 
and  along  the  fan/moiint.iin  boundary  north  of  Borrego  Tank  (figures  2.  .T  and  10). 
I  n  also  occurs  in  llie  extreme  northern  and  southern  parts  of  the  Otero  Mesa  and  m 


Vhc  stratigraphic  relationships,  together  with  the  continuity  and  extent  of 
layering  in  unit  L6  on  the  aerial  photography,  indicate  that  it  is  a  sedimentary  rock. 
Unit  L6  consists  of  two  parts  as  viewed  on  the  1:50,000  scale  photography;  the 
upper  part  is  medium  to  dark  gray  in  photo  tone  (L6I ),  and  the  lower  part  is  marked 
by  a  ver\  light  toned  layer  that  produces  a  swirled  jiattern  (L62)  and  as  a  result, 
is  more  striking  (figure  10).  None  of  the  more  obvious  characteristics  of  either  sand¬ 
stone  or  shale  is  present.  The  prominence  of  the  ridge  crests  and  the  high  degree  of 
resistance  to  erosion  suggest  that  botli  parts  of  unit  Lb  are  limestone  (table  2). 


Tield  observations  show  that  unit  L6  not  only  contains  large  amounts  of  lime¬ 
stone,  but  also  numerous  sandstone  and  siltstone  beds,  along  with  some  shale  and 
conglomerate.  The  limestone  normally  ranges  from  light  to  very  dark  gray:  cream- 
colored  and  fusilinid-rich  purple  limestones  were  also  encountered.  The  very  light 
toned  layers,  so  prominent  on  the  aerial  photography,  are  calcareous  sandstone  (L62, 
figure  10).  The  sandstone  can  be  separated  from  the  limestone  in  the  same  area  on 
the  ground,  even  though  similar  in  color,  because  of  the  rounded  appearance  of  the 
sandstone  beds,  which  contrasts  with  the  more  angular  limestone  exposures.  The 
swirled  pattern  of  these  sandstone  beds  is  the  result  of  erosional  processes.  Dips  on  the 
limestones  were  20'^L  in  Pow  Wow  Canyon,  along  Higliway  180/()2,  and  6° I- near 
llackberry  Tank. 

L'nit  L7  IS  located  on  the  lower  slopes  of  the  Sacramento  Mountains,  along 
the  Otero  Mesa  escarpment  in  both  north  and  south,  in  the  southern  part  of  the 
llueco  Mountains  as  far  north  as  Borrego  Tank,  and  on  the  southern  part  of  the  Otero 
Mesa  (figures  2.  .T  and  10).  The  most  continuous  exposures  of  unit  L7  are  in 
the  llueco  .Mountains.  Ihe  stratigraphic  position  and  continuous  layering  of  unit  L7 
suggest  It  IS  sedimentary  in  origin.  There  are  no  characteristics  suggesting  that  it  is 
composed  ol  either  sandstone  or  shale  or  that  either  rock  type  is  present  in  an  inter- 
bedded  sequence  ( table  1 ).  rtierefore,  unit  L7  is  probably  limestone. 


Unit  I  7  was  not  visited  in  the  field,  but  one  area  designated  unit  L6  on  the 
photography  that  was  visited  in  the  field  is  probably  part  of  unit  L7.  In  the  upper 
parts  of  May  Meadow  Canyon,  layering  is  indistinct  with  the  beds  outcropping  as 
Hat  ledges,  which  is  more  characteristic  of  unit  L7  than  of  unit  Lb.  The  hills  are 
rounded,  and  they  are  relatively  low  in  heiglit.  also  more  characteristic  of  unit  L7. 
The  limestone  bedrock  is  sparse  in  comparison  to  other  areas  designated  unit  Lb 
and  visited  in  the  field.  Dips  in  this  area  range  from  2°  to  7°t. 
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Unit  L8  forms  the  Otero  Mesa  and  the  buttes  between  Ivan  Grey  and  Broylc 
Tanks  below  the  Otero  Mesa  escarpment  (figures  2,  3,  8,  10,  and  II).  Table  2 
shows  the  photo  pattern  elements  of  unit  L8.  The  stratigraphic  position  of  unit  L8 
above  unit  L7  suggests  it  is  also  composed  of  sedimentary  rock,  as  does  the  presence 
of  layering,  althougli  faint  or  subtle  in  the  photos.  Discontinuous  drainage,  gulley 
cross  sections,  and  sinkholes  suggest  it  is  soluble  and  relatively  flat-lying.  It  is  there¬ 
fore  probably  limestone.  Several  areas  on  the  Otero  Mesa  were  visited  in  the  field, 
as  was  C  ampbell  Tank  butte;  the  bedrock  was  medium  gray  limestone. 


Scale:  Approximately  1:100,000 

FIGURE  11.  Units  L5,  L8,  and  LIO  along  the  Northern 

Otero  Mesa  Escarpment. 


Unit  Ld  occurs  only  in  the  Sacramento  Mountains  (figures  2,  3,  and  12). 
Photo  characteristics  of  unit  Ld  are  shown  in  table  2.  The  stratigraphy  and  layering 
suggest  that  unit  Ld  is  sedimentary  rock,  and  there  are  no  indications  on  the  photog¬ 
raphy  that  it  is  either  igneous  or  metamorphic  (table  1).  The  coarse  drainage  pattern 
suggests  it  is  formed  of  permeable  materials  such  as  sandstone.  The  broad,  rounded 
ridges  and  spurs  are  typical  of  sandstone  in  an  arid  climate,  as  is  the  angular  drainage 
pattern,  which  suggests  joint  control.  Unit  L9  is  probably  sandstone.  L9  was  not 
visited  in  the  field  because  of  difficult  access. 
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Scale:  Approximately  1:100.000 

FKiLkl  12.  I  nit  1A>  in  the  Sacramento  Mountains 


I  nit  I.IO  extends  south  Iroin  Route  to  lusi  n 
ilieures  2,  .md  11).  It  tonus  a  narrow,  disermtinuou' 
Otero  Mesa  ese.irpment.  except  south  of  Hay  Meailow  l.no  - 
111  table  2.  the  photo  patterns  of  unit  LIO  are  shosxn 
althouuh  mdistinet.  indicates  1.10  is  a  sedimentary  rock  i 
the  outcrop  siieeest  it  is  less  resistant  to  erosion  than  the  lim 
.md  1  ~  It  Is  not  as  soft  and  easily  eroded  as  shale  (it  loin, 
does  not  ha\e  the  very  dense  denvlritie  drainage  pattern  i.hai 
ehm.ite  (t.ihle  1).  Ihese  photo  pattern  elements  suggest  it 


<(  Hay  .Meadow  Tank 
dong  the  base  of  the 
ri-  It  lorms  a  bench, 
tesenee  of  layering, 
anded  contours  of 
'  ■  it  tmits  L5.  Lb. 
Kt  knobs),  and  it 
.  o)  shale  in  this 
dvibly  sandstone. 


I  nit  1  10  clearly  underlies  units  L7  and  Lb.  and  pr 
In  some  places  however,  it  appears  to  overlay  unit  L5.  bir 
underlie  unit  1  >  Its  anomolous  position  in  these  locaiiM 
of  taultmg 


I'verhes  unit  Lb. 
lers.  It  appears  to 
lobably  tile  result 
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Unit  LIO  was  visited  in  tlic  field  at  the  southern  end  of  its  exposure  in  Martin 
Canyon.  Tlie  rock  ranges  from  a  friable,  briglit  red  to  red-orange  sandstone  to  a  highly 
indurated  purple-red  sandstone.  The  dip  of  the  darker  rock  is  28°W  and  that  of  the 
brighter  rock  is  between  8°  and  lO^’E.  The  dip  reversal  is  probably  due  to  faulting. 
Unlike  other  sandstones  in  the  Fort  Bliss  area,  unit  LIO  is  not  calcareous.  Unit  LIO 
was  also  found  in  the  Otero  Mesa  escarpment. 


Non-Layered  Rocks  •  Unit  N1  forms  most  of  the  Jarilla  Mountains  and 
is  present  on  the  lower  slopes  in  the  northern  and  eastern  Organ  Mountains  and  in  the 
eastern  Franklin  Mountains  (figures  2,  3,  and  4).  The  photo  pattern  elements  of 
unit  N1  are  shown  in  table  2.  The  absence  of  linear  and  regular  pattern  features, 
the  rugged  topography,  and  the  curvilinear  upper  boundaries  in  the  Franklin  Mountains 
suggest  unit  N I  is  igneous  rather  than  metamorphic  in  origin.  The  lumpy  photo 
texture  suggests  unit  N1  is  coarse  grained,  and  the  light  photo  tone  suggests  it  is 
silicic  in  composition.  These  are  characteristics  of  granitic  rock,  as  are  the  curvilinear 
sheeting  joints,  so  unit  N1  is  most  likely  granitic  in  composition. 


Unit  M  is  tlie  lowest  unit  w'herever  it  occurs,  except  in  the  Jarilla  Mountains. 
In  the  central  part  of  the  Franklin  Mountains,  it  underlies  unit  LI;  but  elsewhere  in 
the  Franklin  Mountains,  it  underlies  unit  L3.  I'he  curvilinear  boundaries  between 
N  1  and  these  layered  units  are  roughly  parallel  to  the  boundaries  between  the  layered 
units.  The  curved  boundaries  suggest  the  contact  is  an  intrusive  contact,  rather  than 
a  fault  contact.  An  intrusion  would  have  contact  metamorphosed  the  rock  units  above 
and  below  it.  which  would  account  for  the  low  grade  of  the  metamorphic  rock  units 
FI  and  L2.  The  boundaries  between  N1  and  other  units  elsewhere  in  the  study 
area  are  alsi)  curved,  which  suggests  Nl  is  intrusive  tliroughout  the  study  area.  Ad¬ 
ditional  evidence  of  the  intrusive  nature  of  unit  Nl  is  present  in  the  Jarilla  Mountains; 
the  blocks  of  sedimentary  rock  surrounding  tlie  mountain  range  consistently  dip  away 
from  it.  indicating  a  dome  shape.  Contact  metamorphism  probably  occurs  along  all 
contacts  with  unit  Nl. 

Unit  Nl  was  field  checked  along  the  Fransmountain  Highway  in  the  Franklin 
Mountains  (figure  13).  It  is  a  granitic  rock,  as  predicted,  and  is  probably  a  true 
granite  -  it  contains  ijuart/.  and  both  feldspars.  Fresh  rock  surfaces  are  buff  or  cream- 
colored.  In  some  places,  there  is  a  faint  desert  varnish.  Blocks  of  unit  LI  are  present 
within  Nl  m  tliis  location,  indicating  N)  was  intruded  into  unit  LI.  A  second, 
d.irker  colored,  coarse-grained  rock  that  contains  more  plagioclase  feldspar  is  located 
upslope  from  the  granite.  It  is  probably  a  quart/,  diorite  or  diorile  sill. 
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FIGURE  13.  Knob  of  Unit  N1  along  the  Transmountain  Higliway 

in  the  Franklin  Mountains. 


Unit  M  wa.^  also  field  cheeked  in  the  Jarillu  Mountain.s.  where  it  is  a  inediuin- 
to  coarse-grained  rock,  probably  a  nion/onite  (figure  14).  Quartz  is  absent,  and 
both  plagioclase  and  potassium  feldspars  are  present,  along  with  hornblende.  A  large 
amount  of  hydrothermal  alteration  was  found  in  association  with  ironstones  and  flow- 
banded  rhyolite  along  the  borders  of  the  intrusion  in  one  location.  Some  highly  altered 
granitic'  float  was  also  found  in  this  area. 


Unit  n:  forms  a  .series  of  peaks  along  the  crest  of  tlio  Franklin  Mountain.s, 
111  the  central,  highest  part,  overlying  unit  L3  (figures  2.  .U  and  4).  It  breaks  the 
horizontal  eonlinuity  of  the  layering  in  unit  L4.  suggesting  it  is  igneous  rather  than 
metamorphie  in  origin.  I'he  blocky  textured  outcrop  suggests  unit  N2  is  fine  to 
medium  grained.  I  he  dark  photo  tone  suggests  it  is  intermeiliate  in  e'omposition. 
so  it  is  probably  andesitic  (table  2).  Unit  N2  probably  contacts  metamorphosed 
the  sedimentary  units  above  and  below  it.  which  accounts  for  the  higher  metamorphie 
grade  in  unit  L,2,  compared  to  units  LI  and  L.U 


FlCiURt  14.  Aerial  Obliciue  View  of  Unit  N1  in  the  Jarilla  Mountains. 


Unit  N2  was  field  checked  in  several  locations  aloni:  the  Vransinountain  llisili- 
wa>  (fieure  15).  In  liand  specimen,  the  matrix  of  tlie  rock  is  fine  grained,  as  pre¬ 
dicted.  and  dark  in  color,  ranging  from  reddish,  purplish,  and  brown  to  almost  black. 
Quart/  and  potassium  feldspar  phenocrysts  indicate  the  rock  is  more  silicic  than 
prevlicied  in  photo  anahsis.  but  it  appears  to  be  within  the  intermediate  range  pre¬ 
dicted.  rile  rock  is  probably  a  quart/,  (atite  or  a  rhyolite. 


Tmt  N.'  a  small  unit  in  areal  extent,  forming  Uueco  I'anks  ami  the  southeast 
part  ol  ilie  Organ  Mountains  (figures  2,  3,  and  lo).  Generally  light  photo  tone. 
eur\ilmear  slieeinig  joints,  and  the  rounded,  lumpy  texture  of  some  of  the  outcrops 
suggest  unit  N3  is  granitic  in  composition  (table  2).  Hueco  Tanks  was  visited  in  the 
field,  and  based  on  hand  specimen  analysis,  the  rock  appears  to  be  either  a  quartz 
mon/omte  or  a  quartz  diorite  (figure  17).  The  rock  is  probably  granitic  in  the  Organ 
Mountains  .is  well.  Hie  boundaries  of  unit  N3  in  the  Organ  Mountains  are  quite 
straight,  suggesting  it  was  uplifted  along  faults  to  its  present  position  (figures  3 
and  1 1)1. 
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FIGURE  17.  Unit  N3  at  Hueco  Tanks. 


Unit  N4  is  tlic  most  extensive  non-laycred  rock  unit  in  tlie  study  area,  it 
oceurs  as  inselheres  around  tlie  Jarilla  and  I  ranklin  Mountains;  as  isolated  bodies 
within  the  sedimentary  units  in  the  .southern  lliieeo  Mountains  (Cerro  Alto  and  Red 
Hill);  and  as  laree  areas  in  the  Jarilla  Mountains  and  in  the  southwestern  and  north¬ 
eastern  parts  of  the  Organ  Mountains  (t'igures  2.  .U  and  16).  I  he  pre\alence  of 
vertieal  jointing,  the  medium  photo  tone,  and  the  rough,  bioeky  photo  texture  (table 
2)  suggest  that  unit  N4  is  fine  to  niediuni-grained.  intermediate  eomposition  igneous 
roek.  probably  either  andesitic  or  dioritie. 

Although  Lhiit  N4  was  not  field  cheeked,  samples  were  collected  from  Red 
fiill  and  Cerro  Alto  in  I67X.  I  he  roek  is  light  gray.  One  sample  has  a  fine-grained 
matrix  witli  hornblende  phenocrysts.  along  witli  some  i)uail/.  so  it  is  probably  a 
dacite.  Others  are  comparable  in  eomposition.  but  are  medium  to  coarse  grained, 
probably  (|uart/  iliorites  or  i|uart/  mon/,onites.  An  exjrosure  of  unit  N4  m  the  Jarilla 
Mount.uns  in  shown  in  figure  IS. 

Unit  occurs  only  in  the  Organ  Mountains  (figures  2.  .C  and  1()).  I'he 

photo  pattern  elements  of  this  unit  are  shown  in  table  2.  Hie  light  photo  tone  indi- 
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It  is  silisic  in  coni|H)sition.  ;md  the  hlocky  textured  nuterops  and  I'ine-textured 
slopes  suiieest  it  is  tine  to  niediiiin  grained,  Un/f  .\5  i.s  probably  a  rhyolite  or  diorite, 
Tnit  N.'s  was  not  field  cheeked  lieeause  entry  into  tlie  Organ  Mountains  is  prohibited. 

I'nit  N(>  I'orins  tlie  nortliern  part  of  the  Organ  Mountains,  the  liighest  elevations 
in  the  study  area  (figures  2.  and  Ibl.  The  photo  pattern  elements  of  unit  N6  are 
sliow  n  in  table  2.  I  lie  light  photo  tone,  the  eurvilinear  slieeting  joints,  and  the  pre¬ 
sence  of  spires  suggest  it  is  granitic  in  composition.  Ihiit  N()  was  not  visited  in  the 
field  because  of  restricted  entry. 
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